Abstract. Fermilab E835 is dedicated to the study of charmonium spectroscopy via resonant formation in pp annihilations. This paper presents preliminary results on charmonium spectroscopy from E835 data taken in the 1996-7 Fixed Target running period. Speci cally, results for the resonance parameters of c (1 
INTRODUCTION
Precision spectroscopy of the charmonium system can yield quantitative results concerning the nature of QCD in the non-perturbative regime, where it is not well understood. The mass of the charm quark is small enough that c c cross sections are reasonably large, yet it is large enough that its motion within bound charmonium is nearly non-relativistic. The spectrum of charmonium states is shown in Fig. 1 .
From the discovery of J= in 1974 until the mid-1980's, nearly all charmonium spectroscopy was studied via e + e ? annihilation at facilities like SLAC and DESY. Because e + e ? annihilation proceeds via a virtual photon, only vector J P C = 1 ?? states may be formed directly in this manner. The study of non-vector states (such as the J states) is possible only through the observation of the radiative decays 0 (or J= )! (c c ) + . Thus the mass and width measurements for these states are limited by the photon energy resolution of the detector system. While most of the charmonium states were discovered in such experiments, their masses, and . Since every charmonium state can be formed directly, its resonance parameters may be determined with a precision dependent only on the knowledge of the beam energy and energy distribution, and event statistics.
FERMILAB EXPERIMENT E835
The E835 experiment is located in the Fermilab Antiproton Accumulator (See Fig. 2 ). The circulating beam of antiprotons intersects a hydrogen gas jet target to produce pp interactions. During Fermilab xed target operations, the Accumulator stores antiprotons at 8.9 GeV, and decelerates them to the momentum required for the resonant formation of a c c state (antiproton momenta of 4 to 7 GeV, for charmonium masses from 3 to 4 GeV).
The stochastically-cooled p beam consists of up to 10 12 p which orbit the 474:0454 m path length of the accumulator with a frequency of 0:62 MHz. This frequency is measured using the Schottky noise spectrum of the beam to about 2 parts in 10 7 . The beam intersects the gas jet target 3], whose density in the The E835 detector (See Fig. 3 ) is an upgrade of the E760 detector system, which has been described in several articles. 5]-8] It is an azimuthally symmetric nonmagnetic spectrometer with full azimuthal acceptance, and polar angle coverage from 2 to 70 . The main components of the detector are a 1280-element lead glass EM calorimeter, a large-acceptance segmented threshold Cerenkov counter, and several inner tracking detectors. Luminosity is measured to 2:5% by three solid-state detectors which observe elastically scattered protons at 86:5 . 8] In E835, charmonium states are studied by decelerating the p beam so that p s is varied in small steps across the resonance under study. At each step, the yield of the nal state particles from the electromagnetic decays such as e + e ? , J= ! e + e ? or is measured. The number of events divided by luminosity taken at each point, plotted versus the center of mass energy, gives the resonance excitation curve. This is just the convolution of a Breit-Wigner resonance cross section (which is proportional to the product of the branching ratios for the formation and the decay of the resonance, B in B out ) and the measured beam energy distribution function. Fig. 4 shows an example of such an excitation curve from the scan of 2 in E760. 9] In E835 events are selected with a topological trigger designed for e cient detection of a high-mass pair of electromagnetic clusters in the CCAL, with no charged tracks identi ed in the tracking hodoscopes. In order to minimize the problem of pile-up, each channel of the CCAL is instrumented with TDCs, to reject out-of-time interactions which contaminate our event sample due to running at high luminosity. Of the neutral two-body trigger sample, events were accepted which contained only two on-time CCAL clusters, and which had no additional clusters which paired with one of the on-time clusters to form an invariant mass consistent with m 0 . A 4C kinematical t was made on these events, and a 2 probability 5% was required. Further, a cut on the center of mass angle was made in order to reduce the background contribution due to misidenti cation of 0 0 and 0 events, and to thus increase the signal-to-background ratio. Table 1 compared to those in PDG98 4] . We note that compared to the PDG98 values for The extremely background-free channels for the investigation of c c states in E835 are those which include a single high-mass e + e ? pair, such as c c ! e + e ? or c c ! J= ! (e + e ? ) . These events are triggered by a high mass pair of clusters in the CCAL, associated with two tracks in the inner charged tracking detectors and at least one associated signal in the Cerenkov. This trigger was successfully used in E760 to measure the resonance parameters of 1 and 2 . The 0 state was not investigated.
A preliminary study of 0 was performed with limited luminosity at the end of the 1997 run of E835, a very clean J= signal in the region was observed. This represents the rst measurement of the branching fraction B( 0 ! pp ). The cross section for this reaction appears in Fig. 9 , and the resonance parameters derived from the maximum likelihood t to the data are found in Table 2 . PDG98
gives 
FUTURE PLANS FOR E835
The Fermilab PAC has approved E835 for running again in 1999. Since several of the stated priorities of E835 were not achieved during the 1996-97 xed target running period, these measurements are the rst scheduled for the extension run. These are, in order of priority, Con rm the 1 P 1 discovery by E760 and measure its resonance parameters. Measure 0 resonance parameters with better precision. Make a new search for 0 c . Scan above DD threshold for 3 D 2 , 1 D 2 states.
